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SUWIARY

-Zrýrhe development of an analytical method for the analysis of T-2,HT-2 and T-2-tetraol in blood and urine was initiated. The objective is
to use multiple reaction monitoring (MRM) facility of the VG 7070EQ
tandem mass spectrometer. The advantage of the latter is that the noise
from the biological matrix is kept at a minimum and as a result the
sensitivity is increased. Essentially, the magnet is parked on the
parent ion and only this fragment is allowed to pass through the first
mass spectrometer. After the selected fragment passes into the
quadrupole #1, it is decomposed into fragments by collision activated
(in argon plasma and 20 30 volts) decomposition. The daughter ions are
detected by quadrupole #2. Using this method, T-2 and HT-2 can bedetected at one part per billion. e,.,4:_2 oy;,., T J 14 7L roir -ip

In the development of the MRM method of analysis for T-2-TFA, wediscovered an interfering parent fragment of 478 that had a retention
time close to that of T-2. The substance did not present a problembecause its daughters were different from that of T-2-TFA. This also
illustrates that although the parents of a substance are the same, the
daughters are not.

The fragmentation map of the TFA derivatives of T-2, HT-2 and T-2-tetraol as well as their daughter ion sepctra have been obtained.

An isomer of HT-2 ýC-4 acetate) was discovered in a Fusarium
culture using the daughter ions of HT-2 as a probe. Its structure wasdetermined using parent-daughter mass spectra. The detection of the
isomer in the Fusarium culture, composed of a vast mixture of
compounds, illustrates the utility of the daughter ion library as a
practical analytical probe.

The daughter ion, fragments for T-2, HT-2 *and T-2-tetraol were Idetermined using respectively parents m/z+ 478, 532, and 568. T-2-tetraol can also be detected by using the parent 330 which yields the
daughter 216.

This report also lists all the Fusarium species isolated from
Norway and New Zealand and the toxins they produce. Those from Norway
almost exclusively produce the hemorrhagic toxin called H-1. This toxin
was also found in New Zealand on the South Island.
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FOREWORD

Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or
approval of the products or services of these organizations.
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MULTIPLE REACTION MONITORING (MIM) WITH T-2 TOXIN, HT-2 TOXIN
A11D T-2-TETRAOL

In Quarterly Report number VI, we reported on the analysis of T-2
toxin in a blood matrix using the MRM procedure with the VG7070EQ
instrument. We were able to obtain what should be the maximum in
selectivity and sensitivity of the scanning portions of the
instrument. MRM is a tandum mass spectral scanning technique that
forces the electro static analyzer and analyzers of the magnet
and quadrupole to focus on specific reactions (parents to
daughter ions) and thereby increase sensitivity and selectivity.
We report here the expansion of this technique to to include HT-2
toxin and T-2-tetraol.

S-lectivity of MRM relies on specific parent and daughter ion
relationships. Parent ions of a certain molecule will produce
unique unambiguous daughter ions of precise abundance using a
specified set of reaction conditions. The daughter and parent
ions taken together make up what is known as a fragmentation map.
The latter is a pathway of decomposition of the ionized molecule
and suggests the structure of the molecule . They are also
valuable analytically. The majority of the total ion current will
reside within only a few of the fragments usually found in the
low mass r3gion. Normally the low mass region would have many
interfering substancea from the biological matrix but in the case
of MPM, this fault is eliminated. The reason for this is that
only a single parent is allowed through the analyzer and on to
the collision chamber where the daughter ions are formed. Thus
the MRM procedure is well suited to take full advantage of high
abundance ions as well as highly specific reactions.

ANALYSIS OF HT-2 TOXIN: The fragmentation map and daughter ion
spectra of HT-2-(TFA) is presented in figures 1-5. Most of the
abundance of the ion current is located in fragments 121, 138 and
180. These ions are daughters of parent 532. They are presumed to
have the same structure as the same daughters found in T-2-TFA
but derived from parent ion 478. Both parent ions ( 532 for HT-2
and 478 for T-2) are formed from a loss of 84 mass units from the
molecular ion. Since these are high abundance ions and are
formed from a significant precursor of the molecules intact
skeleton, they are an excellent choice for MRM analysis. Figure 6
shows the results of analysis of HT-2 from urine using daughters
180, 138 and 121. Note the prominant ions and lack of noise from
the biological matrix.

DETECTION OF AN ISOMER OF HT-2 TOXIN(TFA) USING THE DAUGHTERS
180, 138 AND 121: The fragments of an isomer of HT-2 TFA ts shown
in figure 14 and 15. The isomerism resides around C-4 carbon and

,1i l



was detected as shown in the caption of figure 14. The diagnostic
ion for the C-4 isomer of HT-2 toxin is m/z+227. Figure 16 shows
the positive chemical ionization mass spectrum of iso-HT-2 . The
base peak of the most abundant HT-2 isomer (C-15 acetate) is 455.
However, the base peak of the iso-HT-2 is 401 just as found in
T-2 toxin (figure 19). The fragment 401 is formed by loss of the
isovaleroxy group (101) to yield 515 followed by a loss of the
C-15 TFA group (114) to yield 401.

ANALYSIS OF T-2-TETRAOL: The daughter ion fragmentation map of
T-2-tetraol (figure 7) is different from that described for T-2
and HT-2 toxins. They differ in ion abundance as well as the
structure of the primary and secondary fragments. The two most
significant reactions are the parent ion 569 going to daughter
455 and parent 330 going to 216. The latter are abundant ,
reproducable , give the minimum of background signal and are easy
to monitor. The MRM analysis of T-2-tetraol extracted from urine
is shown in figure 13. The parent ion 330 yields a very
prominant daughter in 216. On the other hand, parent 568 yields
a very poor daughter at 454. The parent of choice is m/z+569.

CONDITIONS USED IN MRM ANALYSIS: The MRM analyses were done using
two reaction groups. The first one covered the retention time of
T-2-tetraol and the second covered T-2 and HT-2. The dwell time
was 100 milliseconds, with an analyzer switch time of 20
milliseconds. The mass spectrometer tuning and calibration
procedures were as described by the manufacturer i.e. calibrate
the front end first followed by the quad. The electron voltage
was 70, collision cell voltage wasl4-16 volts, the collision cell
argon pressure was 10-6 torr.

The derivatives used were trifluoroacetate made from trifluoro-
acetic acid anhydride. The capillary column was a DB-5 (J&W
Scientific) 0.25 mm id. The column temperature and program was 80
to 300 degreees C. at 25 degrees per minute.

The urine was spiked with an equivalent to give 50 parts per
billion. Samples were extracted according to procedures reported
in earlier reports using BONDELUTE columns.

STRUCTURE ELUCIDATION OF THE C-4 ACETATE ISOMER OF HT-2 TOXIN:

The C-4 isomer is called iso-HT-2 analagous to isoT-2 toxin.It is
3,15-dihydroxy-4-acetoxy-8-[3-methyl-butyloxy]-12,13-epoxy-tri-
chothecec-9-ene. The structure was determined by deduction using
the mass spectrum and daughter ions formed. The isomer was found
in a culture of a Fusarium isolate grown on rice in the
laboratory. The primary mass spectra of the TFA derivative in
both electron impact and chemical ionization was confirmed as

2



being 616 (figure 16). The mass spectra were similar but not
identical to the C-15 isomer of HT-2 and the C-4 isomer of T-2
toxin. The daughter ion spectra are helpful in identifying the
isomer because of the sequence of loss of the isovaleroxy group
at C-8 (loss of 101) followed by the loss of the C-15 acetate as
in the C-15 isomer (loss of 60) or loss of 114 amu in the case of
the C-4 isomer. Thus the C-4 isomer should yield a either m/e+
515 or 532 followed by either 401 or 413 and finnaly resulting in
m/z+ 227. Iso-T-2 toxin, in contradistinction, will yield an m/z+
287.

The C-15 acetate isomer of HT-2 toxin should yield a m/z+455
because of the loss of an acetate (60azu) from m/z+ 515. The
latter is formed after loss of 101 amu from the isovaleroxy group
on C-8 (figure 19). The C-4 acetate isomer will lose 114 amu
units from the TFA formed at C-15 and yield m/z+401 as in T-2
toxin.

3



FICURE 1. Mamm spectrum of T-2 TFA derivative. The M+ is 616 and the
origin of daughters is as shown in the fragmentation scheme. Thus
m/%+ 616 gives rise directly to 532 which in turn is the parent of
m/z+ fragments 180, 138 and 121. These are the same daughters as
those found in the parent fragment m/z+ 478 of T-2-TFA. The latter
daughter fragments are very intense and are the choice for both
quantitative and qualitative determination of HT-2-TFA. This is an
example where two closely related derivatives have the same
daughters but different parents i.e. 532 in HT-2 and 478 in T-2.
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FIGUP.t 2. Daughter ion mama spactrus of HT-2-TFA using the M+ 616 as
the p=•':nt fragment. Note that m/z+ 180, 138 and 121 are present in
the spectrum but vary in intensity from that of the full scan E.I.
mace spe#ccru shown in figure 1. Daghters 556, 423, 333, 264 and
220 are not found in the full scan mass spectrum indicating that
different reactions are occurring under 2.I. conditions. Note th-.
m/z+ 455, a classic indicator of KT-2 and its derivatives is not
found as a daughter of 616.
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FZGURE 3. Daughter ion mass spectrum of parent m/z+ 532 of HT-2-TFA
using argon as the collimion plasma. Daughters 121, 138 and 180 are
the products of collision activated decomposition of 532. The latter
are very intense and stable , hence useful in MRM experiments.
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FIG=RE 4. Daughter ion mass spectrum of HT-2-TFA using m/z+ 514 as

tho parent. Note that fragqent 454 occurs as the daughter which is
analaqous to m/z+ 455 of the full scan E.I. spectrum. It is presumed
that 455 can be formed just an vell as 454 but it depends on which
reaction species the hydrogen follows .
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FIMJE 5. Daughter ion mass spectrum of parent 455 of HT-2-TFA.
Note that m/z+455 is a stable species with little activity in terms
of daughter fragments. This suggests that this fragment has an
unsaturated ring structure which normally confers stability i.e.
double bonds in the ring are stable.
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F111 6. Analysis of HT-2-TFA toxin extracted from urine, spiked at
50 ppb, using multiple reaction monitoring. Parent fragment 532 was
allowed to pass through the magnet portion of the MS after which it
was bombarded with electrons in the presence of argon in the first
quad region and scanned for daughters in the second quad region.
Boxes B thru D represent the total ion current of m/z+ fragments
180, 138, and 121 respectively.
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FIGURE 7. Electron impact mass spectrum of the TFA derivative of
T-2-tetraol. The scheme of daughter ions and their parents is
presented in the right hand corner. The major diagnostic fragmentsare a/z+ 568, 455, 330 and 217.

FIGURE 8. Daughter ion mass spectrum of freaqent 682 (M+) of the TFA
derivative of T-2-tetraol. The most important daughter fragment ion
is •/z+ 568 which is the base peak of the E.I. spectrum
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FIME 9. Daughter ion mass spectrum of m/z4569 giving rise to
A/Z+455 and 328.
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FIG= 10. Daughter ion mass spectrum of parent fragment 568 and the
resultinq daughter fraqments. Note that a/z+455 (daughter of 569)
is not present in this spectrum.
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FIGURE 11. Daughter ion masm spectrum of the TFA derivative of T-2-
tetraol using M/z+ 455 as the parent. Although there are a number of
low intensity daughters, none are of interest in the use of MRM.
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FIG=RE 12. Daughter ion mass spectrm of the TFA derivative of T-2-
tetraol parent fragment 330. The resultinq dauqhter is 216 vhich is
an important snd useful fragment for m . we reommend its use for
1R of T-2-tetraol.
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FIrcUPZ 13. Analysis of huaman urine spiked vith T-2-tetraol (TTA) at
SOppb and analyzed by MW usinq both 454 and 330 an ;4rent ions. Box
A Shove the total ion current obtained when M/Z÷ 563 is Used as the
parent. Note the noisy bass line which precludes the use of this
fraqaent. Cn the other hand, box 3 shovw the results of 330 as the
parent and 216 as the daughter. Note the excellent base line with a
siqmml to noise ratio of about 100/1 which suqqests that the use of
of 561 as a parent in a bioloqical matrix will give us sensitivity
down to 2ppb.
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FrGrUZ 14. Fragments of the TFA derivative of the C-4 isomer
(acetate at C-4 instead of C-15) of HT-2 toxin. All of the above
fragments and structures have been verified by daughter ion mass
spectrometry. TFA-HT-2 toxiln will yield a m/2+227 derived from 616
minus the Isovaleroxy group to yield a/$+ 515 followed by 10o2 ofthe TFA from. C-15 yielding 401 and then a lose of 60 amu froee the
C-4 acetate to yield 341 and finally 114 anu from the losis of the
C-3 TFA to give 227. The C-15 isomer will also yield a/z÷ 227 but
froa another parent ion. Finally, the C-3 isomer will yield m/Z+ 287
by lose of the C-s group followed by lose of 114 anu taci from C-1S
and C-4 respectively. Fraqumnst 227 and 287 are uaeful in detecting
Lamers of T-2, UT-2. TC-1 and TC-3.
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rIGMR IS. Cont£ma~tion of the bre•dw *co of rT-3 as Shomn In
figure 14. NO"• that•J rag~OMMS 121. 138 an 140 a"• Uau•tUratOd

degraded to nt/S+ 14 and 121.
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of C4 W?-2 tax*A WA ider%

dom

*ne

so$

ISO I" 16.l aomtv ch mical Icnsai 0 4"s .pec a" me o deaoI

toxib (acetate in the C-4 Position). Note that the base poak is m/c+
401 instead of the traditional 0/9+455. This is due to the
frequentation of the *0 at 614 whick lose" the C-8 Isavalebroxy to
create 515 and thent the C-1S T73.L (-114) to forS 1210l The latter
b'as is oharacterisitiA of Tn--V- taxis In M.L

-pa WX go e 0W 4 b" *T-2 OO

WA NYS W ca

SW

ftI 1011 "W& 400 WV-2 Wemi P a'S

rZGMI 17. Daugqhter Lon mass epeatrimi of the TV~A derivative of NT-2
toxin (C-4 isomer) usibg S/2+532 as the Parent. This is compared
with the daughters of 3/512 from ?TrA--2 toxin. Note the
difference in daqhters due mainly to the subsatitution at the Tfl
Jroup on carboas 13, 4 end 3. The C-1S ismssr Joee" 64 amu to form
S32 and then 290 &311 (the A ring and 15e ePOxids plus C-3 and C-4)
to form the unsaturated a ring at a/a+ 234. See figure 15
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1,HPLEMENTATION OF T-2 TOXIN ANALYSIS USING MULTIPLE REACTION
MONITORING.

The objective of this study is to develop a fool-proof method of
analysis of human blood and urina samples for traces of T-2 toxin
HT-2 toxin and T-2-tetraol using multiple mass spectrometry. The
reason for this study is to have on record a method to deal with
chemical warfare agents such as the trichothecones so that an
unequivocal answer can be given as to their presenca in biological
samples.

Our critaria are to achieve: 1. ultimate sensitivity (lppb) and
2. uncompromihed detection by the elimination of biological matrix
effects. We hope to the surpass the results obtained by use of the
Townsend Oxygen Discharge Electrode.

To date we have had good results dovn to Sppb using a single
daughter ion as the parent for detection of the characteristic
fragments. We are studying the daughters in order to determine which
of the many daughters lend themselves for good quantitation. A more
complete report will be forthcoming in the next quarterly report.

STRUCTURE IDENTITY OF H-1 TOX3N

The mass spectra in both E.I. and C.I. are shown in figures 1
and 2. The molecular ion in El is 428 and this is confirmed by the
molecular ion (428 plus 1) obtained in positive CI (methane). This
was also the molecular ion obtained in analysis by Fast Atom
Bombardment. Both the El and CI spectra are rich in large fragment
ions in the high mass region of the spectrum. Thus, m/x+ 428, 385,
368, 354, 323 and 296 are very intense and informative ions useful in
both interpretation of structure and in quantitation.

The ultraviolet absorbtion spectrum shows 210 and 250
millimicrons as absorption maxima. The UV spectrum does not appear to
be too useful.

The infrared spectrum has intense peaks which will prove to be
useful in interpretation of the structure after more detailed
information is available from NMR analyses. Notable are the
absorbtion maxima at 1750, 1650, 1200 reciprocal cm.

Combustion analysis revealed a ratio of carbon, hydrogen and
oxygen of 64, 6 and 25% respectively.

Analysis by high resolution mass spectrometry suggest an
ewperical formula of C23 E24 08.

Structure analysis is being done by I*R. Large sample size
preparations are being made in order to facilitate structure
identification.
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Figure 1. Electron impact.
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Figure 2. Chemical ionization.
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MAMIUl W *ALUMRAITW. PI D N46W"i¶ 6 W*oom *A1. 4. WMUTC"WM VgLiA u mggeCLL

QUANTJTATIVE MICROANALYSES
P. 0. SOX 4137 ORGAN3C - INORGANIC PHONE 546.1335

2323 SYCAMORE Dit. KNCXVILLI. TEUNEISZE 37921 AREA CODE 615

Mr. Hamd K.. A= Auguat 25, 1986
Univerity of Mir-e:ota
PLbnt Pathloy / 495 BovAaug
1991 Bufcxd cir=le
St. Paul, Minne-t 55108 Reeived: August 18th

Dear Mr. Ayks:

Analysis of ycur ca :czx gave the fol.oXjiz rmults:

Your$, Our, %C, %H, %N, tO,

H-I P-9950 63.80 6.25 0.11 25.19

The rolwlar .eight results will follow later.

7his is ocnfinzing cur te!lephom call of August 25, 1986.

Si rey yrs,
GUPA LA•CmAm=IE, Inc.

EKW. Vice-Presai2nt

MM:pd
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Pathogenic Studies of H-1 Toxin on Rats

We conducted acute trials with recrystallized H-1 toxin and a

subacute trial with H-i contaminated feed on rats. Acute trials with

ethylacetate extracts of contaminated feed were performed on mice and

guinea pigs as weal.

Trial I: Gavage of Rats with Purified H-2 Toxin.

As ., pilot trial for studies with purified toxin, groups of 2

three week, female Sprague Dawley rats were gavagad with a single dose

of 50, 25 or 4 mg/kg body weight recrystallized toxin in 0.5 ml 40%

ehtanol. Both animals in the 50 mg and 25 mg groups died within 24

hours, as did one of the animals at the 4 mg level. The other animal in

the 4 mg group remained clinically normal and was euthanized at 24

hours. Gross lesions included severe hemorrhage of the mucosa of the

glandular stomach in one animal of the 50 mg and 4 mg groups. severe

cardiac hemorrhage in the rat of the 4 mg group and hyperemia o,- the

duodenum in one rat of the 25 mg group and the rat of the 4 mg group.

4istologic evaluation is still in progress, but preliminary results

show that purified toxin causes similar lesions to those produced by

crude toxin.

Trial. UI: Gavage of Rats with a Low Dose of Purified Toxin

In an attempt to determine an effective dosage for a future acute

study, 9 rats wore gavaged with 4 ma/kg recrystallized toxin. Five of 9

died within 24 hours; the remaining animals remained clinically normal

and were euthanized at 24 hours. There were no gross lesions.

Trial III: Subacute Feeding Trial in Rats

In order to assess the effect of low level exposure to H-i toxin,

eleven 3 week old, female rats were fed a mixture of 10% contaminated
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rice (4 ppm toxin) and 9NO complete feed. Food and water intake and

body weights were recorded at 48 hour intervals. Packed cell volumes,

total serum protein levels, total and differential leukocyte counts

were performed on 2 different animals at 48 hour intervals. Bone marrow

smears, serum chemistry panels and necropsies were performed at 21

days. Ten controls were fed complete rat diet, ag libitum, for 15 days

and 10 controls were fed approximately the same amount of food as was

ingested by the treated animals. The trial was ended at 21 days,

because several animals died at 20 days.

All treated animals became depressed and diarrheic, but all

controls remained clinically healthy. Weight gain and feed conversion

data are presented in Table 1. Complete results of serum chemistry,

hematology, bone marrow evaluation and histologic examination are still

pending, but the treated animals developed greatly elevated blood

leukocyte levels.

Table VI: Administration of Crude Extracts to Mice and Guinea Pigs

As a pilot trial to evaluate the comparative toxicity of H-i,

ethylacetate extracts of contaminated rice were administered by gavage

to 180 g female guinea pigs and by intraperitoneal injection to 3 week,

female mice. Groups of 2 guinea pigs were given a single dose of

extracts of 10, 20 or 50 g of contaminated rice (44 ppm toxin) in 1-2

ml 20% ethanol. One animal of the 50 g group died within 24 hours with

locally extensive gastric hemorrhage. The other animals were euthanized

at 24 hours and did not develop clinical or morpholnqic abnormalities.

Histologic examination is pending.

Groups of 3 three week, female mice were dosed with extracts of

0.63 and 1.25 g of contaminated rice. Two of the animals of the 1.25 g

20



group died within 24 hours, with one showing myocardial hemorrhage and

both showing hyperemia of the duodenum. No clinical or gross

abnormalities were found in the other mice; histologic examination is

still pending.

Comments

These preliminary results indicate that acute administration of

purified H-I toxin results in similar clinico-pathologic effects to

those produced by crude toxin. The lack of availability of purified

toxin has hampered this portion of the study to some degree, but

current production should resolve this problem.

Preliminary results also indicate that H-I toxin produces lesions

in mice and guinea pigs which are similar to those in rats. It also

appears that guinea pigs are more resistant to orally administered

toxin than rats.

The subacute feeding trial showed high toxicity at a ievel of

approximately 4 ppm. Several animals died on day 20 and the others were

very sick when euthanized. We have no explanation for the elevated

blood leukocyte counts, but they may be a sequella to the lymphocidal

effect noted with the pure toxin.

Our immediate plans are to complete the described studies and to

perform more acute studies with purified material. In addition, the low

level feeding trial will be repeated and the effects on the humoral

response to foreign antigen (sheep red cells) and the jj in =

lymphocytic response to mitogens will be assessed.
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TAMZ 1. LC30 VALUtS OF THE ORMAGIC FACTOR NAMED H-1 WHEN
AINISTELzD TO RATS ) MICZ AND GuINEA PIGS.

SPZCIZS PURITY OF AGE METHOD OF L=0 TOXtC SIGNS
H-1 DlAYS ADM=STRATX0N MC/XG

RAT crystals 20 OMAL 4 IZNSTHH, D

RAT extract 20 OUL 3 UIZ,SIHTH ,D

MOUSE extract 20 I.P. 4 HZ,W,D

GUENEA PIG extract 20 ORML 12 HSD

All aniuals Vere purchased tfrc 5I0-LUA Corp. St. Paul, MN. Each
was intub~atd or injected with toxin based On the gram equivaleats
of H-1 found in the toxic cul"t•re. Control animals received the same
volume of 10, 20 or 40% aqueous ethanol as given to the experimental
animals.
TOXICITY LEGEND:

HI- intestinal hemorrhaqe.
KS- heamorrage in the stomach.
HT- hemorrhage in the thymus.
JI- hemorrhage in the heart.

-death.
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Table 2. Weight gain and feed consumption of rats given a chronic

exposure to H-1 toxin in their diet.*

Treated Controls Pair-fed Controls

Day 15 Day 21 Day 15 Day 21 Day 15 Day 21

Average

Wt Gain -18.4 -14.0 57.8 -- 56.0 67.4

(g)

Wt Gain/ -0.2 -- 0.5 -- 0.5

Feed Consumption

*Rats were given a diet containing 90% nutritionally balanced feed and

10% F usariu culture containing 4 ppm H-i.
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MASS SPECTRAL LIBRARY OF TRICHOTHECENES AND OTHER MYCOTOXINS PRODUCED
BY FUSARIUM

I. One of the objectives of this contract is to construct a mass
spectral library of trichothecenes so that it could be used in the
identification of this group of toxins and also facilitate the study
of metabolism of T-2 and other members of this group. A library
consisting of approximately 250 mass spectra of trichothecenes was
constructed on the Hewlett Packard 5987 Real Time Executer System and
delivered to USAMRIID a few years ago. The latter was developed on
the Hewlett Packard Quadrupole Mass Spectrometnr. It is our intention
to transfer these spectra to the VG 7070 system which appears to be a
more versatile and efficient system. Moreover, we dre also developing
a library of the daughter fragments of the trichothecenes on the VG
7070 EQ. The latter is designed to give unequivocal identification
of the trichothecenes. We are including a new dimension in this
library in so far that it will contain other potent toxins produced
by species of Fusarium, i.e. other than the trichothecenes.

IN SUMMARY WE ARE DEVELOPING:
MASS SPECTRAL LIBRARY OF FULL SPECTRA (VG SYSTEM)

.MASS SPECTRAL LIBRARY OF DAUGHTER IONS (VG SYSTEM)

A. MASS SPECTRAL LIBRARY OF TRICHOTHECENES (FULL SPECTRA)
An example of our current effort in constructing this library

is enclosed. Of more importAnce, we are showirg its uility in
identification of a toxic substance produced by Fusarium and present
in a biological matrix. An xample of a search follows.

This library is called FUSTOX and presently contains the
following spectra:

T-2 toxin
3-hydroxy-4,15, -diacetoxy-8-[3-methyl-butyryloxy] -12,13-epoxy-

trichothec-9-ene (TFA)
T2-tetraol (3,4,15-tetrahydroxy-12,13-epoxytrichothec-9-ene(TFA)
HT-2 toxin (3,4-dihydroxy-15-acetoxy-S-[3-methyl-butyryloxy]-12,

13-epoxytrichothec-9-ene (TFA).
Triacetoxyscirpene
8'-hydroxy-zearalenone (alpha isomer)
8 -hydroxy-zearalenone (beta isoamer)
zearalenone (trans)
3'-hydroxy-zearalenone (F-5-2)
H-1 hemorrhagic factor produced by Fusarium (in the process of

chemical characterization.
Fusarochromanone (TDP-1) underivatized (causes bone deformation)
Fusarochromanone (TMS ether)
TDP-2 TMS ether. Monoacetyl derivative of fusarochromanone
TDP-2 underivatized
TDP-3 unknown derivative of fusarochromanone(TDP-1)
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TDP-4 (Unidentified toxic derivative of Fusarochromanone)
Monoacetyl derivative of Fusarochromanone(synthetic product)

B. USE OF FUSTOX LIBRARY FOR IDENTIFICATION(LIBRARY SEARCH-VG SYSTEM)
An isolate of Fusarium equiseti which originated in Germany was

cultured on rice with the intention of determining the presence of
Fusarochromanone (Fusarium metabolite that causes tibial dyschondro-
plasia). A crude extract was obtained and resolved by capillary
chromatography on the GC/MS VG-7070EQ. Figure 1 shows the resolution
of the TMS derivatives on DB-5 capillary column. Multiple components
were found (at least 5) that belonged to this chemical group. Scan
201 was suspected of being Fusarochromanone and was tested by the
FUSTOX library. The results of the search of scan 201 is reported in
figure 2. Note that among the hits or tentative identifications,
entry number 8 is listed as the best fit which agrees with our own
interpretation of the spectrum. The library is searched both forward
(match the spectrum with the library) and reverse search (match the
library with the spectrum). The higher the numbers in the table
marked PUR, MIX and REV ( respectively 602, 833 and 654) the better
the quality of the match. PUR stands for relative purity of the
compound, i.e. very few flagged masses; MIX shows the results of the
comparison of both the forward and reverse library search and REV
shows the results of only the reverse search. A comparison of scan
201 with the library entry is shown in figure 3 ;the spectra are
almost identical indicating an excellent implementation of the search
system.

Scan #245 of figure 1 was also matched with the library and the
results are presented in figure 4. Once more the library correctly
identified the FUSAROCHROMANONE derivative (TDP-2). Note the high
values of PUR, MIX and REV. The comparison of the library spectrum of
TDP-2 with scan 245 is shown in figure 5; the spectra are almost
identical. The search routine of the VG USER GENERATED LIBRARY
appears to be excellent for implementation for Fusarium toxin
identification.

The total ion current chromatogram of the extract from Fusarium
is shown in figure 6. The TDP-l indicator fragment is m/z+ 218 and
this ion was used to uncover naturally occurring derivatives of
FUSAROCHROMANONE in the culture. At least 8 different derivatives
were found. Of the eight, we only identified 2; the remainder are new
components.
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INTERFERING SUBSTANCE IN HUMAN BLOOD AND ITS ANALYSIS BY THE
DAUGHTER ION MASS SPECTRAL LIBRARY

During the course of analysis of human urine for various
metabolites of T-2 toxin, it came to otir attention that a substance
present in control blood was interfering with our analysis of T-2
toxin by Multiple Reaction Monitoring (MRM). The material did not
actually interfere with T-2 because it had a different retention tim :
on the capillary column but theoretically it was not supposed to pass
through the magnet. By way of background, in MRM analysis of
T-2 (TFA), the magnet is parked on m/z+ 478 and the quadrupole is
scanning for selncted daughter ions ( the quadrupole is programmed to
detect only the legitimate daughters of the compound in question).
This means that either the daughters are there or they are not; the
quadrupole will not detect alien daughter fragments. The magnet end
is set on the accurate mass. of 478.14506 to insure that it sits
directly on top of the selected parent ; this does not mean that
because of accurate mass selection that the instrument is scanning at
high resolution; it is not. Normally we operate at about a resolution
of 1000. One does not expect any appreciable noise to filter through
the system. However, in the analysis of blood, another 478 mass
fragment appeared at a retention time of about 30 seconds past that
of T-2 (figure 7-A). The peak was appreciable and at low
concentrations of T-2, caused the T-2 peak to look insignificant
because of its normalization to the most abundant peak. We decided
to analyze the interfering peak with the daughter ion library and to
compare it with daughters of T-2-TFA.

The total ion chromatogram of the interfering substance is shown
in figure 7. The peak is shown in scan 134 and its daughter ions are
shown in the lower box. We could not detect any m/z+ 478 fragment in
the daughter ion scan and could not detect any fragments
characteristic of T-2 -TFA daughters. As shown in figure 8, the
DAUGHTER ion mass spectral library did not generate any match for the
interfering blood substance. In contrast, a sample containing T-2
toxin was run in the daughters system and its daughter ion spectrum
was matched with the library. As noted in figure 9, a good fit was
found in the library entry and all the daughter ions were found. A
comparison of the library entry with that of the unknown is shown in
figure 10. Note the identical daughter ion spectrum of mass 478 of
the library and the sample. The parameters of the library scan i.e.
values used in directing the search, are shown in figure 11. It is
important to adjust the fit threshold (THR) to 100 or lower.It is
also helpful to enable the filters to select only those samples that
have the correct daughters.
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LID LLbrary Search Report of DLDSUS#134 tI IraruOFUMMT 13*R-87

6 LLbrarj spectra cospaped for BEST FIT
6 matched B or more of the 18 Largest peaks Ln the unknown

FiE Entry Compound Name Reference
HO FITS FOUND

1t± Eltents Bpk Mwt pur MIX rav

"I.| I! Iil' •! ms..s, ...

lee a n U 8 4W 5. ... .

FIGRE 8. RES. ULTS OF A LIBRARY SEARCH OF THE DAUGHTER ION MASS SPZCTRAL
LISRARY OF TRICHOTHZCUL.S. NO FIT OR MATCH WAS FOUND BECAUSE THE DAUCHTERG
OF THE UNWIOWW DID NOT CORRESPOND TO THOSE OF T-2-TFA. THIS SEARCH SERVFES AS
A TEST TO PROVE THAT AL.-HOUGM AN UNKOWN MAY HAVE A FRAGMENT SIZMLAR TO
T-2-TFA. IT CAM &E EASILY BE DISCXIMUATED FROM T-2-TFA BY MEAMS OF
CM•RACTRZSTIC FRAGMENT IONS. F

LID LWirary Search Report of 478T2176 LLbry tAUO, 13-MFl-0

S LLbrary spectra compared for BEST FIT
6 aatcrld 9 or more of the 16 Largest peaks In the ,skra~n

FLt Entr CoNmound ReHem
1 6 OUHTEi? OF 478 OF TFR T-2. 700E0 EV El TIC 68S380 8-N-0
2 1 UOt,"VERS OF 408 OF T2-TFI. 23AJL '8S 78eM 78EM El TICS 8-00-6

FIt ELeaments S* *A pur MIX mw1 121 0 368 496 548
S400 a 12 97 161

in Mf 309 409 600 33 ¶

??wU E. REsuLTS OF THE LIBRARY =A= 0o THE DAUGHTER ION kASz SPECTRAL
LIDARY FOR T-2-TFA. THE LATTER WAS DZTECTED IN A URINE SAMPLE AND ITS
IOEWTITY VERIFIED BY MEANS OF THE LIBRARY. NOT! THE HIGH VALUES IN THE MIX
AND REV PARAMETERS WHICH INDICATI A HIGH PERCENTAGE PROBABILITY OF
zv0vrTInCATxo OF THE T-2-TFA.
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FIGURZ 1t. PARBKMT-TRS t SED IN THE LIBRARY SEARCH ROUTINES WHICH ALLOW
VERSATILITY 7'I A IIICH AS AN EXAM7LE, THE PARAMETER %RON* CAN BE ADZJUSTED
SO THAT R!",UIRED DAUGHTERS MUST BE PRESENT IN THE SPECTRU BEFORE THE SEARCH
ROUTIH WILL CONSIDER A MATCH. IN THIS EXAMPLE. M/Z+ 121, 180, AND 138 WERE 9
SILEC TED .1MASS FILTERS. THE PARAMETER (DY) MUST BE ENABLED (ENABLE
?IL~I) Ski-ORE DISCRIMINATIO~N WILL BE ACTIVATED. ACCORDINGLY THE FILTERS
CANl BE DISABLE BY TYPING IN "0'. T`1E FIT THRESHOLD NTHR* TIGHTENS THT
SEARCH PARAMETERS BY CAUSING A GREATER DEGREE Or SELECTIVITY MI ITS VALUE IS
DICALASED IN THIS EXAMPLE, A THR VALUE OF so WAS SELECTED.
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ANALYSIS OF T-2-TFA USING MULTIPLE REACTION MONITORING

The use of multiple reaction monitoring (MRM) for trace analysis
of T-2 toxin is based on prior experimentation in which appropriate
parent ions are studied and selected for use in the analytical
system. As an example, the daughters of T-2-TFA were determined and
then selected for ultimate sensitivity in the assay. Thus, as one
examines the full spectrum of T-2-TFA in E.I.(figure 12) it suggests
that certain fragments be studied. The molecular ion (562) is
normally too weak to be seen but after magnification(5X), it is
readily visible. Fragments such as m/z+461, 478, 401 and 327 appear
significant enough to yield acceptable analytical results. Figure 13
shows the daughter ions of m/z+ 401 and careful inspection indicates
that although the parent ion is appreciable, the daughters are very
weak. In contrast, the daughters of m/z+478 give very intense
fragments and have all the characteristics of a good ion to monitor
i.e. strong daughters in the low mass region and low signal to noise
ratio (figure 14). The fragments of interest are: 478, 180, 138 and
121. These are then used qualitatively and quantitatively in
subsequent tests for the analysis of trace (2ppb) of T-2-TFA in the
biological matrix of blood.

Human blood samples were amended with the equivalent of 2ppb of
T-2 toxin and extracted and cleaned by our general laboratory
procedure. The extract contained a biological matrix ; the
trifluoracetate derivative of T-2 was made in situ and injected into
the VG GC/MS operating in the MRM mode. The calculated amount
injected into the capillary column was approximately 160 picograms
after accounting for a 20% loss in extraction. Note the excellent
sensitivity and base line when the m/z+ 180 daughter is monitored
(figure 15. The analysis and quantitation of daughters 180, 478, 138
and 121 are shown in figure 16. The multiple reaction monitoring
system of analysis appears to be the best yet developed in our
laboratory for T-2 toxin analysis. The most important determinant in
the analysis is the lack of spurious peaks and electronic noise when
working at this level. Our signal to noise ration at 2 parts per
billion is about 100:1, the best we have ever achieved. We recommend
this method of analysis because of its sensitivity and unequivocal
identification of T-2 toxin.
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DAUGHTER IONS OF THE TFA DERIVATIVES OF T-2, HT-2 AND T-2-TETRAOL

Monkey urine samples were received during tha first quarter of
1987 with the intention of analyzing for T-2 toxin and its
derivatives during various times after dosage of the animals. In
order to accomplish this task, it was necessary to first determine
the daughter ions of some of the expected derivatives in order to
analyze by multiple reaction monitoring. This task has been
accomplished for T-2 , HT-2 and T2-tetraol. The daughters are shown
in the following figures.

Figure 17 shows the full mass spectrum of T-2-TFA and the
daughters of the major ions. Note that the molecular ion 562 gives
rise to 478, 460 and 461. The daughter 400 is reached by multiple
reactions from 460 and 401. The parent of choice in the MRM analysis
is 478.

Figure 18 shows the full mass spectrum in E.I. of HT-2 toxin
(TFA). The molecular ion 616 fragments to 532 which in turns gives
rise to 180, 138, and 121 as in T-2 except that the origin of these
daughters in T-2 is from 478. The parent ion 532 is the fragment of
choice for RMR analysis.

Figure 19 shows the full mass spectrum of the TFA derivative of
T-2 -tetraol. The molecular ion is seen in E.I. but is not very
intense although if detected it gives rise to very intense daughters.
Parents 568 and 569 give rise respectively to daughters 454 and 455.
Parent 330 is very intense and gives rise an intense 217 daughter and
is the choice in the analysis of T-2-tetraol by MRM.

38



STORIS xi Bgd.22 2e-ff-V 19:31+05:17 7 El*
ft" Il1.2v ~H" TRANS" Will SIgt'
TelMT,2,T 24GLT,T~,C3,(T5Wi,2M'8 PT4 CaIL; 0

70. 4782 ~46841

MGMTE ICH MURS!S
44.

10 158 2a8 258 388 358 400 451 5W6 558

;T=183 X1 Sghol" Leg-W 19,31-S6-4431 M 13

ý".Gm~ TSM.413.T&4a. TCI ,TC3,CTVM6*4&4J Jav w ~ ".0M.NI

is I

* &HT !P4QLThU ,7 HT wr !C& 04=M

a #Ise
WA 'S7 o S

T-,11 TI 0W N
27 2840

4? .

tou~W2-0I91U4 6 l

in an b3w T1u4" w 2 s w

T~.T~Ti.142 T2a.,C1,T 3 9CT)S1 0P4 C.*~

~ U~froom,
T-,MIXT )* .-`77,7 N" M M



ANALYSIS OF T-2 TOXIN IN HUMAN BLOOD USING TANDEM MASS SPECTROMETRY
GAS CHROMATOGRAPHY

INTRODUCTION

The utilization of combined gas chromatography tandem mass
spectrometry for the analysis of T-2 toxin in blood is presented
here. The analysis was carried out to confirm and qvantitate the
presence of T-2 toxin at a low part per billion level (2ppb in 2mL
blood). The procedure involved spiking fresh whole blood with the
toxin, extraction with an organic solvent, derivatization with
trifluoroacetic acid anhydride, and GC/MS/MS analysis. Please
remember that the following work was carried out in a biological
matrix consisting of the equivalent of 2ml of human blood.

AMENDING BLOOD WITH T-2 AND EXTRACTION

Blood samples (2mL) were amended with T-2 (ing/ul) in
methanol. They were centrifuged for 2 minutes at 7000 rpm in 30 mL
tubes with 0.5 mL KH2PO4 and 10 mL of toluene:acetonitrile (95:5
v:v). The organic layer was pipetted into a round bottom flask and
evaporated on a rotary evaporator. Samplez were transferred to
half dram vials with methanol and evaporated under nitrogen with
gentle heat.

DERIVATIZATION

The dried down samples were derivatized with trifluoroacetic
acid anhydride (100 uL) and heated to 60 degrees C. for 20 minutes.
After which the excess reagent was evaporated under nitrogen.
Samples were brought up in 20 uL of toluene for injection. 1 ul
was taken for injection.

GC CONDITIONS

Samples were injected onto a 10 meter fused silica capillary
column via a Hewlett Packard on column injection device. The
injection device is shown in figure 1. The oven temperature was
programmed from 80 to 300 at 30 deg. per second. T-2 eluted at
6.28 minutes into the run. The helium gas flow was set to 10 psi.

In addition to the on column injection technique a 2 ppb
blood sample was prepared for splitless J lection. The technique
afforded overall better resolution and tsarrowly defined peaks.
Signal to noise ratios for 2ppb samples , ire better than 14 to 1.
This method proved superior to the present on column technique.
Injecton was done on a 10 meter capillary column. Column purge was
activated at 0.6 minutes after injection.

SOURCE CONDITIONS
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A standard VG 7070 EX/Cl source was used in the analysis.
The instrument was operated at 6kV, 70 electron volts. Source
tomperiture was set at 100 degrees. Resolution was set to 2000.

MS/MS TUNING

The instrument was tuned for MS/MS analysis with
perfluorotributyl amine. Intermediate and quad lens settings were
set to allow maximum transmission of parent ion 614. The
quadrupole mass analyzer was calibrated with the VG software LOW
MASS (LM) and HIGH MASS (HM) ion commands. The high resolut
portion of the mass spectrometer was tuned with perfluorokerosene
using the CAL programs.

COLLISION ACTIVATED DECOMPOSITION (CAD) set-ug:

Argon was used as the collision gas and the chamber was
pressurized tc 1 X 10 -6 torr. Collision energy was set at 15
volts.

FA3 AND MULTIPLIER SE :

The gain was ..et on FA3 unit to 2 X 10-7. Response time was
set to 0.01 and multiplier set to 2.10.

MULTIPLE REACTION MONITORING PROGRAM (MRM):

Selected Ion Recording (SIR) was called up and MRM was set up
to monitor the decomposition products (daughters)of ion 478 from
T-2 TFA, to 180, 138 and 121 as seen in the figures. The exact
mass 478.145 was used to set the parent ion-correctly. When
running the program we found it better to set the magnet manually
by positimning it over the parent ion rather than letting the data
system do this. To do this one must allow the data system to have
control over quad scanning only. The 7070EQ is equipped with knobs
on the scan control unit to select this type of scanning procedure.
The parameter settings are outlined in figure 4.

RESULTS:
The electron impact mass spectrum is rhown in figure 2. Please

note that the molecular ion (M+-562) is visible in the spectrum.
This was accomplished by lowering the source temperature to 100
degrees C. This is not the normal procedure in El as the normal
operating temperature is 200 C. Our source heater was not operative
in this situation and this allowed us to reach the lower
temperature setting. We are not recommending this temperature
setting. A typical ON-COLUMN injection resolution is found in
figure 5. The ions monitored were 180, 138 and 121 and their ratios
as daughters are shown. The ratios were satisfactory however the
resolution of the components of the standard did not meet out
criteria of acceptability. The peak sensitivity and peak width was
not acceptable. Figure 5 shows resolution of T-2 TFA as the pure
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standard whereas figure 6 shows T-2-TFA ini a biological matrix.

The parent ion 478 gave distinct and intense daughter ions
that (figure 3) allowed elimination of other components from the
background except for one present in human blood and having the
exact mass (478) as T-2-TFA toxin. This metabolite (figures 7and 8)
found in these blood samples did not interfere with the analysis of
T-2 because it resolved itself nearly one minute from T-2. In
addition, the ion ratios for the interference did not fit the T-2
toxin and therefore would not be confused with T-2(figure 7).
However, it is mysterious that this fragment should pass through
the magnet as the resolving power was set to three decimal places.
The major problem in the analysis of 1 or 2 ppb quantities at this
time is quantification and reproducilibity. One part per billion
is detectable based on the 2 part per billion spiked sample which
had a 20 to 1 signal to noise ratio~figure 8). The ratio variance
for samples and standard injections was only 10%. This means that
the ratio of ions can be used to confirm and quantitate the toxin.
With such a small sample size (2 gram blood) and low amounts
injected (400 picograms) reproducibility suffered much. Problems
may be due as w1ll to sample injection (use of the syringe as well
since the matrix was rather viscous. An internal deuterated
standard or homolog would be necessary for quantifying these
amounts of toxin.

On column chromatography had some benefits and draw backs in
the analysis. It allowed for overall greatest sample through put
into the mass spectrometer but peak broadening, column coating
degradation, and increased tailing may severely limit its
performance on particularly dirty samples. The SPLITLESS method of
sample introduction (figures 8 through 12) gave oxcellent
chromatography for analysis in this low concentration region.
Interpretation of data: The data appeared to be as easy to
interpret as that of normal selected ion analysis. The ratio
consistency as mentioned above was quite satisfactory. The purpose
in using this method of analysis (MNM) was to demonstrate the lack
of interferences and sample limits of detection. Base lines such
as those shown in these analyses are quite uncommon for mixed
matrix analyses4 We were quite pleased to eliminate other chemical
noise from the base line. This procedure should also be compared
to other suc. procedures as selected ion recording.

The spl'tless method of injection is demonstrated in figure 9
which shows the resolution of 2ppb of T-2-TFA in a biological
matrix of the equivalent of 2ml of blood. The daughter monitored
was m/z+ 180 which showed a minimum of noise (S/N - 17:1) . The
daughters 138 and 121 are shown in figures 10 and 12 respectively.
Their signal to noism ratios (12:1 and 14:1 ) are acceptable but
inferior to that of 180. Our recommendation is that all three
daughters be monitorea for the purposes of calculating ratios but
that 180 be used for quantitation.

Figure '2 shows the resolution of T-2-TFA in MRM using the
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splitless method of injection. Injection of one nanogram under
ideal conditions shows excellent resolution and peak width superior
to that found in the On-Colum injection shown in figure 5.

We conclude from these studies that the SPLITLESS method of
sample introduction into the GC/MS is the method of choice. It
gives superior resolution when compared to ON-COLUMN injection.
Mass fragment 478 should be used as the parent ion for analysis and
the daughter 180 gives the best quantitative results. Fragment 478
was chosen after careful strudy of the daughters of 460, 461, 401
and 418. All of the above was done in the electron impact mode of
analysis. The latter is traditionally less sensitive than positive
chemical ionization (PCI) in methane which is our next effort in
this study. We expect to increase our sensitivity by a factor of
ten due to the large fragment ions encountered in PCI.
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FIGUXZ 1. On-Column injection devize used in the injection of thle
T-2 amended blood matrix through the Hewlett Packard gas
chromatograph. This device consists of a 0.53 im Z.D. precolumn
(about 15 cm in length) coupled to 0.25 za I.D. 10 zater 03-5
analytical column. This method allows direct injection with a regular
metal injection syringe rather than a flexible on-column injection
syringe. The device is patterned on that of Hartman at. al. of Rutgers
University who has developed the procedure followed.

CARRIER
GAS

ON-COLUMN LINER

0. 53 mmvI !D.
WIDE BORE'.
PRE-COLUMN

0.32 mm I.D.
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tn)eoti n . 10 meater 0.25 capiltlary column. (C ovn temperature
proqoam 40/100 St 30 deg. per eso.
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TSB 12-FEB-B? Od 1 13 7ULU Rm
GR 1 A: 4?8.1450 B: 478.1450 C: 479.1450
Te.t T-2 SPIKED BLOOO M 2G EQUIVALE]T TFA OERV. IN 29UL

RUSEWS 20e PICOIGR INJECTION
ee. 1, A, = 208. .

ION 21 FROM 478 37

18
log. 3 -I, it I A =235.32 1.08

ION 138 FROM' 478 48

58.

lee t I, 1, 1 A 383.18 1.00

ION 180 FROM~ 428 6

3:08 4:08 5:88 60 7880090
TICU"Z 6. multiple reaction monitorinq c•Km) of a 2.l blood sample
.al"d with 2ppb of T-2 toxin. The sample was Introduced into the

GC/Nl ViE ON-CWEICI INHJCT7ON. This method of injection will be
contrasted vith splitlmse injection In a Later section.

GR 1 H: 4M~.l4Mfl b: 4/d.1400 V: 4/-Text,, ........ ..02 HUMW

IeeC i, 1,1 le.

888 T-2 TOXIN
88.

78.

Ga.
58. C{p f HAVING SIMqILAR WDMRS.

401.
3'.

8.

3:80 4:ee 5:88 8:8 1:8 8:88I 9:80
?I•3ZX 7. 1oapoment found In donor blood having similar properties to
that of T-2 to.ln avoept that its rTetntion ti;e is dirterent(St-A.35
fo r T for t e unkn o~n), The dauqt•.ltt Of th unknowyn h:ve

d tftderew* ;:tied roo "Ktchamt Of NT-) q t-2.- 1)1/ 0O_0:4'%,io
tL1/180-0.¶1IF ratio! of unknOw'v IllfiIO-I,24 and I13/1O-O.7). The

*,nR9 ~ ~ ~ ha A~onn n d iqnLeictnt a/2-470 stellar to T-3-TFA so
".het w •*l he a ,e n t to. phrlnd on 47 0. both the T-I and the unknown
CvO•9W•e, CVC T eseel tarre psse
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2P9•T 17-f -8 17:45 78M Pat I
OR I RA 478.1458 B' 478.1458 C: 478.1458 0: 478.1458
Tevt: S/M 14.2/1
In C it, 1, 1 28.

98. 8000 SPIKED WITH T-2 TOXIN TR OEW.

so. .OTD 8IN 00 >>> >

48.

2e.

4:39 5:99 5:38 619 6:39 7:08 7139 elm9 8130
TIC=0n3 Iso lution and qlulltttation (ippb In blood matrix) of T-2
TPA to.,; by X using the APLItZIS1 method of compound Introduction.
Note tho 10 second peak width at the base which is a great
opmpvement over the 0QN-CL40U •j•jeotlcn. The unknown metabolite In

the blood sample can be sen at It 8.31 its resolution bas also been
I..-"eead. Cosoaro with resolutlon as shaw in figure. 6 and 7.

2 174-FEB-9 17:45 70M Wn: &I I
OR 1 A: 478.1458 : 478.1458 C: 478.1458 0: 478.1458
Tet' S/H 14.2/1

* A * 16.9 1.99
29

90.

68 •097 ý0,

50.

40.
479 > 188 T-2 TOXIN SPIKED AT 2

30. M mx1 ':1

0. PIC=•l 1P. **sollution and qulal]taL~tion of 2ppb) T-2 toxin by PM UmlJ,

thoa IP I2wI :e•tro at com•ponent Lntlrl' 1odution. Trio daughte~r ion
eoIt•oroL ViiI/1 .. 0 :LOPIts 11q11a to notes ratio Is xbOut• 1 11.

19, ".9= 1:80seoappears to be the mos sensitive for monitoring T-2-•TA.
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• 9T23 17-0-87 17:45 7MjQ P:a " sNI
GR 1 A: 479.1450 B: 478.1456 C: 478.1456 0: 478.1450
TeO , S/N 14.2/1

N Ru 11.99 1.29
2a

70.

479 121 T-2 TOXIN SPIKED RT 2PP9
30. SAN 12: 1

pro=l 10. Reiout•io aori quantati. onof atpb 1-2 teotn Jby m uoiq
1lQl( *UTLZTUN methwi of comobemnt lntrogtlton.The daueflttr tlon

o0ltofred woo m/8* L211 it. olqmai to not" ration Voa 12:1.

5:96 5:39 6:98 6:38 7:80 7:39

SPST23 174"-0- 17:45 79f0 Pat. S ,NRN
GR I A, 478.1450 B: 478.1459 C: 479.1459 D-' 478.1458
Tect: S/1 14.2/1

2398.

78.

76.

58.

4O.

30. 479 , 138 T-2 TIN SIKEI R T 2PP9
20. S/ 14/1

n ?l 11. Resolution and quantitation of T-2 toxin by M uesin the
Is. IPLIMLU Uw.tihi of component intreduOtionf. The daugqbter to:

sonlit-red Ni/* 138ite alqial to notie ratio vWa 1431.

' 5:30 :909 6-30 7:00 7198
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TESTB 17-FEB-67 15:28 790 Rent, PN
OR 1 A: 478.1450 B: 478.1458 C: 478.1450 0: 478.1438
Text, T-2 TFR DERY. IR EXP 478-186.138.121 INGMUL

71.

48.

T!=MZ 12.* St~r T-2 (109/IUL). *plltls. Lnjeation uslaq .-. a

019

3:99 3:39- 4:00 4:39- 5:99- 539 6:009 ý639 7:99 7:39

50



TOXICITY AND TOXINS PRODUCED BY ISOLATES OF FUSARIUM
SPECIES OBTAINt.D FROM NORWAY AND NEW ZEALAND

Table 1 shows the complete record of the toxicity of the
isolates of Fusarium obtained from Norway in 1984. The
collections were made frcm the Arctic as well as the central and
southern regions of that country. The species most prevalent
were Fusarium acuminatum, F. avenaceum, F. oxysporum and
F.sambucinum. From these groups, F. oxysporum and F.
sambucinum emerged as the most toxic although toxicity was also
found among fewer isolates of F.acuminatum and F.avenaceum.

All of the toxic isolates shown in table 1 were saved and
examined for the kinds and quantities of known toxins they
produce in order to account for the toxic lesions. The toxins
that were analyzed for are: trichothecenes; HM-8, a cytotoxic
unknown Fusarium metabolite presently being characterized in our
laboratory; moniliformin; Fusarin-C; and H-I the toxic
hemorrhagic agent presently being characterized in our
laboratory.

Table 2 shows the various knoun toxins produced by the
various isolates of Fusazium in an effort to account for their
toxicity. Within the F. acuminatum group, the predominant
toxins found were HH-8 and moniliformin. F. avenaceum produced
HM-8, moniliformin and infrequently Fusarin-C; only one isolate
produced the hemorrhagic agent know as 1-1. Although a
considerable portion of the isolates of F. oxysporum yielded
HM-8 and moniliformin, the majority of the toxicity could be
accounted for by H-i. It is curious to note that none of the
isolates that produced H-1 produced HM-8 as well and vice versa.
Within the taxonomic group known as F. sambucinum, the largest
percentage produced H-1. Only one isolate produced HM-8 and H-1
together.

Table 3 shows a compilation of the various toxins that were
found in the toxic groups of Fusarium. In these analyses, TDP-1
(fusarochromanone) was also looked for. TDP-1 is the Fusarium
metabolite that causes bone disorders. None of the isolates
investigated produced TDP-1 whereas the majority of the F.
sambucinum isolates produced H-1. The F. oxysporum group
competed well with F. sambucinum for the production of H-1;
however, the members of this group alsc produced moniliformin but
not simultaneously with H-1. The significance of this,
observation is not apparent at present. The production of
moniliformin was well represented among F. acuminatum and F.
avenaceum.

An effort war made to determine whether the H-i producing
isolat6s could be found in regions outside of Norway. A
collection was made in Tara Hills, a mountainous region in the
South Island of New Zealand. Six isolates , all of them belonging
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to the Fusarium sambucinum group, produced this toxin (Table 4).
The Tara Hills are characterized as high grassy hills some of
which receive a lot of shade; the climate is cold in the winter.
The sheep grazing in this area become unthrifty and often called
"poor doers" and this was particularly associated with the shady
region of the Tara Hills complex. It is possible that Fusarium
colonizing the grass may influence the health ot these animals by
the production of toxins such as H-I.

The isolates examined in Table 4 were selected because of
their toxicity to rats, our bicassay test animal. Toxicity was
accounted for by those isolates (6) that produced H-I, four
isolates that produced moniliformin, and the six isolates that
produced fusarenone-x. The toxins found ranged from
deoxynivalenol to 3-acetyldeoxynivalenol, HH-8,
zearalenone,moniliformin and H-1. Isolate 6F4 is being studied to
identify the toxic component accounting for death in the test
animals. This isolate produced DON, 3-acetyl-DON and zearalenone;
these do not account for the toxicity.
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